SUMMARY Non-invasive continuous and pulsed wave Doppler ultrasonography was performed in 102 consecutive patients with clinically ill defined systolic murmurs to differentiate between flow murmurs, mitral regurgitation, aortic stenosis, and ventricular septal defect, as well as to assess the severity of aortic stenosis.
Systolic murmurs may present difficult diagnostic problems, even to the experienced clinician. This is especially true when (a) there is uncertainty about the severity of aortic stenosis, (b) a flow murmur has to be separated from a stenotic component in aortic regurgitation, (c) there is questionable concomitant mitral regurgitation in a patient with aortic stenosis, (d) a ventricular septal defect has to be differentiated from mitral regurgitation, and (e) mitral regurgitation as opposed to a flow murmur is suspected in patients with coronary artery disease. In these cases the noninvasive study of blood flow within the heart and aorta by Doppler ultrasound'-3 should be helpful in establishing a definite diagnosis. The method was used before cardiac catheterisation in 102 consecutive patients to evaluate a clinically ill defined systolic murmur (n= 58) or to assess aortic valve pressure gradients (n=67), or both.
Patients and methods

STUDY POPULATION
A total of 57 men and 45 women (age range 20-79 years) who underwent right or left heart catheterisation for valvular or coronary heart disease, or both, Accepted for publications 31 May 1983 were studied before catheterisation using non-invasive Doppler ultrasonography.'45 The problems to be solved were: (a) differentiating aortic stenosis from a flow murmur in 22 patients; (b) establishing the existence of mitral regurgitation in 11 patients with aortic stenosis; (c) differentiating mitral regurgitation from a flow murmur in 25 patients; and (d) differentiating ventricular septal defect from mitral regurgitation or ejection murmurs in eight patients. Eight patients had more than one of these problems.
In a further 44 patients the only reason for study was to assess pressure gradients in clinically unequivocal aortic stenosis. The transducer was placed in the suprasternal notch (for evaluating aortic stenosis), in the parasternal area (mainly for ventricular septal defect), and over the apex (for mitral regurgitation and aortic stenosis) with the patient in the supine or left lateral position (Fig. 2) (Fig. 3) ; mitral regurgitation-high velocity flow signal in systole directed from the apex towards the left atrium lasting beyond S2 ( The final diagnoses were made by angiography (mitral regurgitation), invasive pressure measurements (aortic stenosis), and stepwise analysis of oxygen content (ventricular septal defect).
Sensitivity is defined as true positive/all positive tests; specificity as true negative/all negative tests; and diagnostic accuracy as (true positive + true negative)/all tests. '.. 
Results
The which operates both in the pulsed and in the continuous wave mode, the others being invaluable for the calculation of pressure gradients from high velocities. Doppler Thirdly, the cost of combined equipment amounts to kaortc stenosts a sum five to 10 times that of a Doppler instrument alone.
The diagnostic accuracy of Doppler ultrasound for the identification of aortic stenosis (pressure gradient S IN AORTIC >20 mmHg) was 0-96 in this series which included only patients with equivocal clinical findings. in 63 of 67 Although these data were obtained in a small number mean age of of patients, they are confirmed by the fact that undermuned by the estimation of pressure gradient (<20 mmHg) occurrrelated with red in only three of 44 patients with unequivocal aor-5; p<0.001) tic stenosis and v. >1-8 m/s was never found in to patients more than 30 additional patients with documented E correlation absence of aortic valve pressure gradients. All these 1).
patients, however, were not included in this series because of clear cut clinical findings.
The use of continuous wave Doppler method to assess pressure gradients in aortic stenosis was first regarded as reported by Hatle4 and good correlations between resolution; it pressure gradients assessed by the technique and its direction haemodynamically measured were subsequently of the cardiac confirmed by other groups of workers including iw at a given ourselves.57 In the present series of 67 patients there pulsed wave was a correlation coefficient of 0-75 (Fig. 6) . In elderly elocities (up patients with appreciable post-stenotic dilatation of de are poss-the aorta or emphysema, or both, aiming for the high-!d within the est velocities in the aortic jet can be very difficult. The the pressure fact that in our series the patients were mostly elderly 340 Hoffmann, Burckhardt group.bmj.com on October 30, 2017 -Published by http://heart.bmj.com/ Downloaded from Evaluation of systolic murmurs by Doppler ultrasonography (mean age 59 years) explains the rather low correlation coefficient. Indeed, when only the 11 patients aged <50 years were included in the analysis the correlation coefficient was 0.90. The continuous Doppler method, therefore, seems to be superior to other noninvasive techniques8 9-including M-mode echocardiography,'0 cross sectional echocardiography,7 11 and the pulsed wave Doppler'2 method-in assessing the severity of aortic stenosis.
The diagnostic accuracy of Doppler ultrasound for the assessment of mitral regurgitation was 0-83. The high sensitivity of 0-87 is further corroborated by our experience in several patients with coronary artery disease but without audible murmurs, in whom mitral regurgitation was suspected by the Doppler method and subsequently confirmed by angiography. The pulsed wave Doppler technique in combination with cross sectional echocardiography has been used by several groups of workers for diagnosing aortic regurgitation3 13 14 and mitral regurgitation,3 15 16 with a sensitivity ranging from 0-58 to 0*94. The transoesophageal approach was reported to yield a higher sensitivity by one group. 16 This technique does not, however, fully qualify as non-invasive in our view.
The accuracy of diagnosing ventricular septal defect was 1.0 in our prospective series of eight patients. In a further eight patients with confirmed ventricular septal defect a positive Doppler finding was also obtained, thus confirming the high sensitivity of the method. The continuous and pulsed wave Doppler techniques have both been used to diagnose ventricular septal defect, particularly in the setting of acute myocardial infarction. The results of these studies also showed diagnostic accuracies >0-8.17 18 The overall diagnostic accuracy of this relatively simple, inexpensive Doppler technique was 0-89 in our consecutive series of 58 patients with systolic murmurs of uncertain importance. The Doppler method, therefore, seems to be useful in the noninvasive differentiation of mitral regurgitation, ventricular septal defect, aortic stenosis, and innocent flow murmurs as well as in estimating pressure gradients in aortic stenosis. The limitations of the technique in inexperienced hands may be partly overcome by combining it with cross sectional echocardiography.
